Although nurses work in stressful environments, stressors in such environments have yet to be clearly assessed. This study aimed to develop a Nurses' Occupational Stressor Scale (NOSS) with high reliability and validity. Candidate questions for the NOSS were generated by expert consensus following focus group feedback, and were used to survey in 2013. A shorter version was then developed after examination for validity and reproducibility in 2014. The accuracy of the short version of the NOSS for predicting nurses' stress levels was evaluated based on receiver operating characteristic curves to compare existing instruments for measuring stress outcomes, namely personal burnout, client-related burnout, job dissatisfaction, and intention to leave. Examination for validity and reproducibility yielded a shorter version of NOSS with only 21 items was considered sufficient for measuring stressors in nurses' work environments. Nine subscales were included:
Introduction
As highlighted by the International Labour Organization [1] , occupational stress is an increasingly global phenomenon which affects workers in all workplaces and countries. Nurses are known to have high work demands, high occupational stress, high rates of burnout [2] [3] [4] , low job satisfaction [5] , to experience workplace bulling [6] , and may have mental health problems [7] . Job stress and burnout result from the cumulative effects of stressors in nursing work, and may consequently influence patient outcomes [8] [9] [10] and nurses' intention to leave their jobs [11, 12] . In accordance with the statistics of Taiwanese National Union of Nurses Associations (TUNA), presently only about 60% of licensed nurses in Taiwan practice [13] . However, Singapore and Australia have around 86.1% and 98.5% in active practice, respectively [14, 15] . TUNA found 57.28% nurses had intention to leave nursing profession, and the three major reasons were about "salary and bonus", "heavy workload" and "work-life imbalance". Ref. [16] In the study of 10 European countries [17] showed 27.1% nurses considered to leave the workplace, and their perceptions of nursing practice environment was an important factor of retention.
In addition to applying stress management interventions to reduce stress [18] , as recommended by Happell et al. [19] , an initial step toward reducing occupational stress is to understand the stressors present in nurses' work environments as well as the methods through which these stressors may be eliminated. Not only qualitative researches have been performed to look for nursing stressors [19, 20] , but several self-report scales have been developed to measure nursing stress indicators in hospital environment, such as Expanded Nursing Stress Scale (ENSS) [21] , and Practice Environment Scale of the Nursing Work Index [22] . However, stressors vary widely in different cultures and are highly influenced by health care systems. Examples of variations include those in frequencies of on-call duty, patient-to-nurse ratios, reliance on patients' families for daily partial care, regulated break times, and monetary compensation for overtime work. Additionally, although scales for measuring nursing stressors have been developed, measurements of psychological stress among nurses, including burnout, job dissatisfaction, and intention to leave, are rarely reported. The study developed a Nurses' Occupational Stressor Scale (NOSS) to identify comprehensive nursing stressors. The scale was evaluated for validity and reliability and to examine relationships among stress indicators.
Materials and Methods

Study Design
Two cross-sectional studies were conducted to develop an instrument to measure nurses' occupational stressors. This study was divided into three phases: (1) generation and pilot testing of candidate questions, (2) condensation of the scale according to validity and reproducibility, and (3) examination of accuracy of the condensed NOSS for predicting stress outcomes.
Participants and Ethical Considerations
In 2013, candidate questions for the NOSS were pilot tested on nurses who worked in hospitals with "excellent" ratings under the New Hospital Accreditation of 2012 in Taiwan. The condensed NOSS was tested in 2014. Participants were recruited from the population based on conformity and excellence under the New Hospital Accreditation between 2010 and 2013. The research protocols were approved by Research Ethics Committee of National Taiwan University Hospital with the approval numbers of 20130807RINC and 201407075RINA. Exemption of written consent was approved, and returned questionnaires were regarded as nurses' willingness to participate in the study. No ethical issues occurred during the study period.
Data Collection
Stratified random sampling for the questionnaire surveys in 2013 and 2014 was conducted. Electable hospitals were sampled in proportion by hierarchy. The hospital managers were invited to approve the study via phone call. Nurses were recruited from multiple wards, namely the internal medicine ward, surgical ward, maternity and pediatric ward, intensive care unit, operating room, emergency department, psychiatric department, and outpatient department. The questionnaires were mailed to the participating hospitals and delivered to nurses. All returned questionnaires were previewed by the researchers and then recorded through optical mark reading.
The questionnaires were self-administered. The participants' demographic characteristics, work environment traits, levels of personal burnout, client-related burnout, job satisfaction, and intentions to leave were inquired.
Personal Burnout and Client-Related Burnout
A Chinese version of the Copenhagen Burnout Inventory (C-CBI) was developed with high internal consistency, constructive validity, and criterion-related validity [23] . Personal burnout and client-related burnout are two subscales in the C-CBI, containing five and six items, respectively, to assess the frequencies of specific scenarios within the preceding week on a 5-point Likert scale (0 to 4 representing "never" to "always"). Following Chin et al. [24] , the cut-off point for nurses in the high burnout group was set as the 90th percentile.
Job Dissatisfaction and Intention to Leave
Job dissatisfaction was assessed by the answer "somewhat unsatisfied" or "very unsatisfied" to the question, "Generally speaking, are you satisfied with your job?" Intention to leave a nursing job was assessed by the following three items: (1) Answering "unlikely" or "uncertain" to the question, "Do you intend to remain in your job for at least 2 more years?" (2) Obtaining a score of 7 or higher on the item, "Please rate your intention to leave on a scale of 0 to 10, with 0 being no intention to leave and 10 being highly considering leaving." (3) Answering "once a month" or "more frequently" to the question, "How often do you think about leaving your job?"
Data Analysis
Data analysis was performed using JMP statistical software version 10.0 (SAS Institute, Cary, NC, USA). Descriptive statistics were calculated to summarize demographic characteristics. Test-retest reliability and internal consistency were examined by analyzing test-retest correlations and Cronbach's α scores. Content validity was assessed by experts. Construct validity was calculated through common factor analysis. The suitability of factor analysis was inspected using the Kaiser-Meyer-Olkin (KMO) test [25] and Bartlett's test of sphericity [26] . For all analyses, p < 0.05 was considered statistically significant.
Results
Phase 1: Generation and Pilot Testing of Candidate Questions
Methods of Constructing Questions
The procedure for developing the NOSS is described sequentially as follows: information collection, content confirmation, format design, pretesting, panel discussion, expert validation, pilot study, and content determination.
After the literature review, the content of the NOSS was constructed according to research goals, and by referring to the questionnaire titled "survey of perceptions of safety and health in the work environment in 2013 Taiwan" [27] and the work-family conflict scale [28] . The researchers had the pretest to find unsuitable wordings and expert panel discussions for suggestions and clarification. The expert panel was composed of three professionals in the fields of nursing, psychiatry, and occupational medicine and six nurses from primary, secondary, and tertiary hospitals.
Content Validity Index
Expert validity was assessed after revision of the panel discussion. The experts were the aforementioned three professionals on the panel. NOSS items were scored on a Likert-type scale (1 and 2: modification required; 3: related; 4: strongly related). After alteration or deletion of inadequate items (scores lower than or equal to 2), the content validity index of the NOSS was 0.81.
Phase 1 Questionnaire Survey
A total of 72 hospitals rated "excellent" under the 2012 Hospital Accreditation were our target hospitals. Of these 72 hospitals, 13 were tertiary hospitals, 41 were secondary hospitals, and 18 were primary hospitals. In 2013, Stratified random sampling and questionnaire survey of 7 tertiary, 10 secondary, and 2 primary hospitals was conducted. A total of 2956 questionnaires were issued and 2796 were returned. After exclusion of men, nurse managers, nurse practitioners, and incomplete questionnaires, 1781 questionnaires were deemed eligible for analysis. The effective response rate was 60.3%.
The participants' demographic characteristics are summarized in Table 1 ; their mean age was 30.3 years, most were single (64.3%), and most had an educational level of college or above (63.1%). The average total working tenure was 8.6 years. The internal consistency scores assessed by Cronbach's α were 0.92 for personal burnout and 0.90 for client-related burnout. The mean scores for personal burnout and client-related burnout were 63.9 and 47.9, respectively. Of the participants, 15.5% harbored intentions to leave their jobs.
Construct Validity
The KMO score (0.93) and Bartlett scores (chi-square statistic = 51,378.93; degrees of freedom = 990; p < 0.001) indicated that factor analysis may be practical. Common factor analysis was performed to assess the construct validity of the NOSS, resulting in 10 factors with eigenvalues greater than 1.0 ( Table 2) . Relying on the assumption that the dimensions of the scale were correlated or uncorrelated, we implemented Varimax (orthogonal rotation) and Promax (oblique rotation) both. The outcomes showed that Varimax and Promax grouped the same items into 10 factors. The cumulative variability of these extracted 10 factors explained by varimax was 51.8%. Table 2 . Factor loadings for items loaded on 10 factors of the 43-item Nurses' Occupational Stressor Scale (NOSS) through varimax rotation.
Subscales and Component Items
Factor Loading 
Work Demands
Work-Family Conflict
The burden of work affects my domestic life. 0.75
The amount of time my job occupies makes it difficult for me to fulfill family responsibilities. 0.83
The burden of work makes it difficult for me to undertake my personal chores and/or engage in hobbies.
0.83
My job produces strain that makes it difficult for me to fulfill my family duties. 0.83 I have to adapt my schedule for family activities/outings to accommodate my work responsibilities. 0.74
Insufficient Support from Coworkers or Caregivers
The professional evaluation of care of mine is opposite to that of the doctors. 0 
Organizational Issues
The on-call system affects my life.
0.66
My working hours include on-call hours. −0.48 The workplace offers sufficient protective equipment such as masks and gowns. −0.35
Difficulty Taking Leave
The level of difficulty in asking for leaves for household emergencies is_______% (0% = very difficult, 100% = very smooth) b . 0.87
The level of difficulty in excusing myself for feeling strong discomfort is_______% (0% = very difficult, 100% = very smooth) b . 0.80
Powerlessness
Patients 
Test-Retest Reliability
A convenience sample of 50 hospital nurses from northern, central, and southern Taiwan was invited to assess test-retest reliability; 36 pairs of test-retest questionnaires were completed. Test-retest reliability scores were calculated through Pearson's correlation with a 2-week interval. The Pearson's correlation coefficients of the 10 subscales were 0.75, 0.72, 0.74, 0.75, 0.72, 0.75, 0.71, 0.76, 0.72, and 0.61. The test-retest reliability of the whole NOSS was 0.84.
Internal Consistency Reliability
Most NOSS items were scored on a 4-point Likert scale (1 to 4 representing "strongly disagree" to "strongly agree"), whereas 5 items were reverse scored. The average total score of the NOSS was 107.1 (SD = 14.2), ranging from 65 to 158. A higher score indicated a higher frequency of work stressors experienced by the participant in question. Cronbach's α was used to measure the internal consistency. The internal consistency scores of the 10 NOSS subscales were 0.88, 0.92, 0.87, 0.86, 0.35, 0.63, 0.86, 0.78, 0.06, and 0.63. The internal consistency of the whole NOSS was 0.89.
Phase 2: Condensation of the NOSS According to Validity and Reproducibility
The initial NOSS underwent a condensation process to reduce item numbers. All items on the condensed NOSS were selected from the original NOSS. Items were examined as independent variables, and personal burnout, client-related burnout, job dissatisfaction, and intention to leave were set as dependent variables. The selection algorithms were based on predictions of dependent variables and reliability. Items with favorable prediction were prioritized for inclusion in the condensed scale and those without favorable prediction or low reliability were re-examined through panel discussions.
First, common factor analysis of the 43 items selected for the condensed scale yielded 10 factors ( Table 2) : "work demands", "work-family conflict", "insufficient support from coworkers or caregivers", "workplace violence and bullying", "organizational issues", "occupational hazards", "difficulty taking leave", "powerlessness", "interpersonal relationships", and "unmet basic physiological needs". Since the item numbers differed among factors, the total score of each factor was adjusted to between 0 and 100. Table 3 presents the areas under the receiver operating characteristic curves (AUCs) used to examine sensitivity and specificity. Forward stepwise with a p value of 0.1 was implemented to examine predictions of indicators under each of the 10 factors. Factors 1, 2, 4, 6, and 7 were significantly related to personal burnout (AUC = 0.79). Factors 1, 2, 3, 4, 7, and 8 were significantly related to client-related burnout (AUC = 0.80). Factors 1, 2, 6, 7, and 10 were significantly related to job dissatisfaction (AUC = 0.75). Factors 1, 2, 4, 5, 7, and 10 were significantly related to intention to leave (AUC = 0.75). Factor 9-interpersonal relationships-was not significantly related to any indicators. Note: OR: odds ratio; AUC: areas under the receiver operating characteristic curves. * p < 0.05, *** p < 0.001. a The standardized total score for personal burnout was ≥ 65. b The standardized total score for client-related burnout was ≥ 95. c "Somewhat unsatisfied" and "Quite unsatisfied" were classified as job dissatisfaction. d Intention to leave was defined as "unlikely to or uncertain about staying in the job for another two years", "score on the scale of leaving the job ≥ 7", and "thinking about leaving once in a month or more frequently".
The stability of the NOSS was assessed through evaluation of test-retest reliability. The values of the 10 factors ranged from 0.61 to 0.76. After setting the minimum stability value of 0.70 [29] , factor 10-with a stability value of 0.61-was revised.
A range of 0.3-0.7 was set for internal consistency reliability by recommendation [30] . The internal consistency reliability of the NOSS factors ranged from 0.35 to 0.92, except for factor 9 (0.06). Prominent items were preserved to represent the concept of each factor. Because of the conceptual similarity between factor 9 (interpersonal relationships) and factor 3 (insufficient support from coworkers or caregivers), two items of factor 9 ("I am worried that the incompetence of my colleagues will affect patient safety" and "The primary caregivers do not execute their tasks appropriately") were reclassified under factor 3 and all other items under factor 9 were omitted.
Phase 3: Examination of Accuracy of the Condensed NOSS for Predicting Stress Outcomes
Phase 3 Questionnaire Survey
After revision, the participants for the confirmation survey were sampled from 417 hospitals in 2014. A total of 71 candidate hospitals (1 tertiary, 7 secondary, and 63 primary hospitals) were sampled. A total of 3974 nurses were recruited, and 3786 returned the questionnaires. Under the same exclusion criteria as those of the 2013 survey, 2655 questionnaires were deemed eligible for analysis, yielding an effective response rate of 66.8%. The participants' demographic characteristics are shown in Table 1 .
Test-Retest Reliability of the 21-Item Condensed NOSS
Of 50 nurses who worked in primary, secondary, and tertiary hospitals in Taiwan, 48 completed the test-retest study within one week. According to Pearson's correlation, the p values of the nine factors ranged from 0.71 to 0.83. The test-retest reliability of the overall 21-item NOSS was 0.76. Table ? ? presents the item-to-subscale correlations. The Cronbach's α scores of the subscales ranged from 0.35 to 0.77 except for "workplace violence and bullying", which contained only one item, and thus lacked internal consistency reliability. The internal consistency of the 21-item NOSS as a whole was 0.91. 
Internal Consistency Reliability of the 21-Item Condensed NOSS
Comparison of the prediction accuracy of the original NOSS and condensed NOSS
To examine predictions of intermediate markers by the original and condensed NOSSs, the two scales were compared with respect to personal burnout, client-related burnout, job dissatisfaction, and intention to leave ( Table 5 ). The AUCs for the indicators ranged from 0.73 to 0.82 on the condensed NOSS. Among the participants of the first year survey, the AUCs for the original 43-question version ranged from 0.75 to 0.80 and those for the condensed version ranged from 0.75 to 0.81. These results suggested that the condensed NOSS might be equally sensitive and specific to the original NOSS for predicting nurses' stress outcomes. a What was originally factor 9 was deleted and factor 10 became the new factor 9 in the 21-item NOSS.
The process of the NOSS development is illustrated in Figure 1 . 
Discussion
This study constituted the effort to develop a stressor scale for nurses in Asia.Despite measurements for stress reactions being used extensively, workplace factors, namely stressors among hospital nurses, are rarely characterized or quantified. The ENSS contains 57 items and was tested on 2280 randomly selected nurses; the scale was found to be correlated with overall life stress items and health problem indices [21] . The NOSS has three major advantages: (1) comprehensive assessment of nursing work traits that could interfere with life, including occupational hazards, workplace violence and bullying, difficulty taking leave, and unmet basic physiological needs; (2) 21 items only, so relatively little time required for completion; and (3) comparisons with four important stress indicators in both surveys and reasonable prediction of these outcomes.
This section discusses the results of using factors of the NOSS and indicators for confirmation. Burnout is regarded as a response to job stressors correlated with excessive direct contact with patients [3, 31] . Hence, "work demands", "insufficient support from coworkers or caregivers", and "workplace violence and bullying" [6, 12] may be reasonable factors for predicting personal burnout and client-related burnout. Work-life conflict was regarded as a strong predictor of burnout [32, 33] . Consequently, the relationship between "work-family conflict" and burnout is predictable. According to the World Health Organization [34] , ergonomic hazards is one of potential health hazards among health care workers. Studies conducted in Hong Kong and Japan have revealed that manually lifting patients or heavy objects is a risk factor associated with musculoskeletal disorders such as lower back pain [35, 36] . Other researchers observed that lower back pain was related to personal burnout [37] . Thus, it seems plausible that "occupational hazards" factor is associated with personal burnout. Taking a sick leave or a leave for family-related reasons is not easy for Japanese nurses; without substitutes, other nurses need to work harder or more hours to compensate. Thus, nurses may feel guilty about taking leaves, and inability to take leaves could lead to burnout or even overwork death [38] . The "difficulty taking leave" factor may reliably predict burnout. Items under the "powerlessness" factor have been verified as being associated with client-related burnout. Due to 
This section discusses the results of using factors of the NOSS and indicators for confirmation. Burnout is regarded as a response to job stressors correlated with excessive direct contact with patients [3, 31] . Hence, "work demands", "insufficient support from coworkers or caregivers", and "workplace violence and bullying" [6, 12] may be reasonable factors for predicting personal burnout and client-related burnout. Work-life conflict was regarded as a strong predictor of burnout [32, 33] . Consequently, the relationship between "work-family conflict" and burnout is predictable. According to the World Health Organization [34] , ergonomic hazards is one of potential health hazards among health care workers. Studies conducted in Hong Kong and Japan have revealed that manually lifting patients or heavy objects is a risk factor associated with musculoskeletal disorders such as lower back pain [35, 36] . Other researchers observed that lower back pain was related to personal burnout [37] . Thus, it seems plausible that "occupational hazards" factor is associated with personal burnout. Taking a sick leave or a leave for family-related reasons is not easy for Japanese nurses; without substitutes, other nurses need to work harder or more hours to compensate. Thus, nurses may feel guilty about taking leaves, and inability to take leaves could lead to burnout or even overwork death [38] . The "difficulty taking leave" factor may reliably predict burnout. Items under the "powerlessness" factor have been verified as being associated with client-related burnout. Due to higher frequency of suffering patients contact, nurses might experience greater compassion fatigue than other professionals [3] . Burnout can easily occur among those caring for dying people [39] , and the associated feeling of powerless and the inability to deliver effective care to such people could cause moral dilemmas and burnout [40] .
Researchers observed a negative relationship between job satisfaction and nursing tasks left undone [41] . Furthermore, nursing care may be forced out of a work schedule by non-nursing tasks, and neglected nursing care was found to be a strong predictor of intention to leave [42] . These findings may match the relationships of the "work demands" factor with job dissatisfaction and intention to leave in the study.
Confrontations with patients and their families may be another nursing stressor [43] ; however, the relationships of this item with job dissatisfaction and intention to leave were nonsignificant. A study among physicians revealed that job satisfaction decreased and intention to leave increased when "work-family conflict" increased [44] . Besides, nurses were dissatisfied with inadequate protective equipment when caring for highly infectious patients [45] . This may support our finding of a relationship between "occupational hazards" and job dissatisfaction. In a meta-analysis [46] , availability and use of work-family support policies positively related to job satisfaction and intention to stay. In short, the "difficulty taking leave" factor may reliably predict burnout, job dissatisfaction, and intention to leave. For decades, nurses' meal breaks and rest breaks have been regarded as a factor possibly related to job satisfaction and intention to stay [47] . Instances of nurses holding their urine or decreasing their water consumption were recorded [48] . Accordingly, the items categorized under the "unmet basic physiological needs" factor may be common in Taiwan and China.
One item on the NOSS is rather culturally unique; despite patients' family members not being intuitively recognized as having such collegial relationships as those that nurses have with patients, family members have long made commitments to care for hospitalized patients because of the Chinese value of filial piety [49] . Because hospitals reduce nursing manpower to minimize costs, a portion of care depends on family members or private attendants. Therefore, unsurprisingly, "feeling stressed because primary caregivers do not execute their tasks appropriately" predicts client-related burnout.
"I have to maintain professional units other than my own" was found to be related to personal burnout, client-related burnout, job dissatisfaction, and intention to leave. These outcomes were observed when nursing units had temporary shortages of personnel. However, one would imagine the nurses who worked in another unit could face unfamiliar medical equipment, coworkers and an unfamiliar environment. These likely induce additional stress.
This study had some limitations. First, males were excluded. The distribution of male nurse in our study was 2.4% (n = 46) and that in Taiwan was approximately 1.6% at the time of the study [13] . Because the exclusion of male nurses had no impact on the results (data not shown), only female nurses were analyzed. Second, questionnaires with any missing item were excluded to ensure the accuracy of developing NOSS, which was the major reason of effective response rates less than 70%. There was not significant different of participants' demographics between valid and invalid questionnaires (data not shown). Third, the NOSS was developed for hospital nurses; thus, the scale might not be applicable to clinics or nursing homes. Fourth, nurses unable to adapt to given work environments, had left the profession, or had transferred to less stressful environments were not included. Therefore, a healthy worker effect or healthy worker survival effect [50] may be present, and this could have led to underestimation of stress in the study. Fifth, although a single factor is suggested to include at least three items [51] , we decided not to ignore less items to detect nursing stressors due to uniqueness of nursing clinical environment. Accordingly, factor 4 had only one item and factor 6, factor 7, factor 8, and factor 9 had only two items. The AUCs of the first-and second-year observations revealed that the 21-item NOSS may be adequate for predicting indicators of common stress among nurses. Finally, our questionnaire did not contain items about participant's income, economic burden or job insecurity. As described in previous studies, global economic crisis could have caused hospital budgets reduction, and consequently led to medical supply shortage, increased workload and job insecurity [52, 53] . Thus, economic crisis was regarded as an important stressor related to workers' mental health status [52] . Further studies may consider financial factors while assess nursing practice environment and related outcomes.
The strengths of the study are described as follows. First, this study analyzed a nationally representative sample based on stratified sampling. Second, in both surveys, rather large numbers of nurses completed the questionnaire, enabling examination of factors and their relationships with stress indicators. Third, the identified stressors in this study were individually related to the subscales of burnout, job dissatisfaction, and intention to leave. The identified stressors can be applied in other countries if pretesting for comparisons with stress indicators is conducted.
Conclusions
This current study developed NOSS, which identified nine groups of occupational stressors in nursing practice environments, as well as predicting personal burnout, client-related burnout, job dissatisfaction, and intention to leave. Using this scale, stressors in nurses' work environment can be measured, and while intervention is applied, the effectiveness of such intervention can be evaluated. 
